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By intravenous administration of isoproterenol, 0.5
p,g/min, a catecholamine-sensitive bypass tract was con-
firmed in two patients with exercise-induced Wolff-Par-
kinson-White syndrome. In a 24 year old woman, an
intravenous bolus injection of 5 mg of verapamil sud-
denly blocked conduction over a catecholamine-sensitive
bypass tract. In a 62 year old man, the exercise-induced
In most cases of the Wolff-Parkinson-White syndrome . ex-
ercise can result in full or partial normalization of pre-
excitation or no change at all (1,2). However, a few cases
(3,4 ) have been reported in which a new manifestation of
pre-excitation emerges after exercise or stress loading. Pre-
excitation after (or during) exercise has been considered to
be related to the autonomic nervous system . Recently, Weis-
fogel et al. (4) confirmed a catecholamine-sensitive bypass
tract in a patient in whom pre-excitation , nonexistent at rest,
appeared during exercise or infusion of isoproterenol. The
precise mechanism, however, remains unclear.
Electrophysiologic effects of various antiarrhythmic drugs
on the bypass tract in patients with Wolff-Parkinson-White
syndrome were evaluated by previous investigators (5). They
found that class I antiarrh ythmic agents prolong conduction
time and the refractory period of the bypass tract in the
Wolff-Parkinson-White syndrome, but slow channel block-
ing agent s have little or no effect (6- 8). In the present study,
we confirm the blocking effect of verapamil on conduction
over a catecholamine-sensitive bypass tract in two patients
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Wolff-Parkinson-White syndrome disappeared after 3
days of oral administration of verapamil (120 mg/day).
These observations suggest that a slow inward calcium
current plays an important role in conduction over a
catecholamine-sensitive bypass tract in exercise-induced
Wolff·Parkinson-White syndrome.
with exercise-induced Wolff-Parkinson-White syndrome and
speculate on the electroph ysiologic mechani sms.
Methods
Electrophysiologic studies were performed on two pa-
tients with exercise-induced Wolff-Parkinson-White syn-
drome . All medications were discontinued 72 hours before
the study. Informed consent was obtained from the patients
after full explanation of the procedure. After the adminis-
tration of local anesthesia, two electrode catheters were
introduced percutaneously into the femoral veins and ad-
vanced under fluoroscopic control to intracardiac sites. A
quadripolar catheter was introduced into the high lateral
right atrium in the vicinity of the sinus node. The proximal
and distal electrode pairs were used for recording the high
right atrial electrogram and for atrial stimulation, respec-
tively. A tripolar catheter was positioned across the tricuspid
valve to record the His bundle electrogram, as previously
described (9). Another bipolar catheter was positioned per-
cutaneously into the left antecubital vein and advanced into
the coronary sinus for recording of the left atrial electrogram.
Electrocardiographic leads I, 11 and V I and intracardiac
electrograms were simultaneously displayed on a multi-
channel oscilloscope (Polygraph type 36, San-Ei) and re-
corded on a photocorder (Visigraph 5L, San-Ei) at a paper
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speed of 100mm/s. Intracardiac electrograms were recorded
at a filt er frequency setting of 1,000 Hz and at a time constant
of O.()I)3 second.
Conduction intervals were measured during sinus rhythm
according to the method of Narula et al. (10). Atrial pacing
was accomplished by using a programmed digital stimulator
that delivered rectangular pulses of 2 ms duration at ap-
proximately twice diastolic threshold. The atria were paced
at a rate slightly higher than the sinus node and then at
increasing rate (in steps of 10beats/min) until I: I conduction
was lost and second degree atrioventricular (AV) block ob-
served. The atrial effective, AV nodal effective and func-
tional refractory periods were measured with an atrial ex-
trastimulus technique (11). The test stimulus (S2) was
introduced after every 10th driving stimulus (SI) through
the same electrode. The coupling intervals (SIS2) were de-
creased in 10 to 20 ms decrements in successive test cycles.
After control values were obtained, isoproterenol was
administered intravenously at an infusion rate of 0.5 ,ug/min
and the tests were repeated. In the first patient (Case I) ,
during intravenous infusion of isoproterenol, 5 mg of ver-
apamil was injected intravenously for 2 minutes and the
tests were repeated. In the second patient (Case 2), the
electrocardiogram was recorded after the exercise loading
test (a single Master exercise test) after 3 days of oral admin-
istration of verapamil at 120 mg/day. An electrocardiogram
was recorded in both patients before and after intravenous
administration of atropine sulfate, I mg, and methoxamine,
5 mg.
Case Reports
Case 1
A 24 year old woman was admitted to Kumamoto Uni-
versity Medical School Hospital for evaluation of an ab-
normal electrocardiogram during exercise. She had no per-
sonal or family history of congenital heart disease, rheumatic
heart disease, palpitation or syncopal attacks.
On admission , the pulse was 64/min and regular. The
blood pressure was 96/50 mm Hg in the supine position.
The heart, lung and abdomen were normal, as were all
routine laboratory data. The chest X-ray film revealed nor-
mal cardiac size and lung fields. The electrocardiogram at
rest showed normal sinus rhythm with a normal QRS com-
plex configuration and a PR interval of 0.16 second. Twaves
and ST segments were normal. After exercise (a single
Master exercise test), the electrocardiogram revealed the
Wolff-Parkinson-White syndrome with anteriorly oriented
delta waves and a PR interval of O. 10 second (Fig. I ). Five
minutes after exercise, normal QRS complexes were re-
corded intermittently. Six minutes after exercise, all QRS
complexes were normal.
ElectrophysioIogic studies. Control (before isopro-
terenol) . Sinus cycle length was 770 ms; the AH and HV
intervals were 120 and 40 ms, respectively. QRS duration
was 0.10 second without delta waves (Fig. 2A). The AH
Wenckebach phenomenon appearedat a paced rateof IIO/min.
Pre-excitation was not induced at any rate of atrial pacing
or by atrial extrastimulus pacing. At the driven cycle length
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Figure 1. Case I. Electrocardiogram before
(left) and after (right) exercise .
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Figure 2. Case I. Effects of isoproterenol
on the appearance of pre-excitation. Before
isoproterenol (top), the patient had sinus
rhythm; AH and HV intervals were 105 and
40 ms, respectively. During administration
of isoproterenol (bottom), pre-excitation
appeared 5 minutes after the start of intra-
venous drip infusion. Arrows indicate pre-
excitation waves. From top to bottom, each
panel shows standard electrocardiographic
leads I, II and V 1 and the high right atrial
electrocardiogram (HRA), coronary sinus
electrogram (CS), His bundle electrogram
(HBE) and time lines (T) at 100 mmJs.
of 750 ms, the atrial effective refractory period was 220
ms. The AV nodal effective and functional refractory pe-
riods were 420 and 570 ms, respectively.
After isoproterenol. Sinus cycle length was 490 ms. The
small delta waves were recorded 3 minutes after the start
of isoproterenol administration. Five minutes after isopro-
terenol, marked delta waves were recorded. The AH interval
was 70 ms, but the H deflection was merged with the pre-
excited ventricular deflections (Fig. 2B). At the driven cycle
length of 400 ms, the anterograde effective refractory period
of the bypass tract was 230 ms, and the AV nodal effective
refractory period was 220 ms. In response to atrial pacing
at a rate of up to 260/min, pre-excitation appeared in a 1:I
manner. Two minutes after bolus injection of 5 mg of ver-
apamil, pre-excitation suddenly subsided and the QRS du-
ration was normal with an AH interval of 130 ms and an
HV interval of 40 ms (Fig. 3). After normalization of the
QRS complex, pre-excitation did not appear at any rate of
atrial pacing or after atrial extrastimulus pacing. At the
driven cycle length of 400 ms, the atrial effective refractory
period was 180 ms. The AV nodal effective and functional
refractory periods were 290 and 330 ms, respectively.
AFTER VERAPAMIL 5mg, IV
Figure 3. Case I. Effect of verapamil
during intravenous drip infusion of
isoproterenol. Pre-excitation suddenly
disappeared 2 minutes after intrave-
nous bolus injection of 5 mg of ver-
apamil (arrow). Abbreviations as in
Figure 2.
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Electrocardiogram after atropine or methoxyamine. After
intravenous administration of either of these drugs, pre-
excitation did not appear.
Case .?
A 62 year old man was referred to our hospital for eval-
uation of an abnormal electrocardiogram during exercise.
He had received medical treatment for hypertension for 10
years. There was no history of palpitation or syncopal at-
tacks. On admission, the heart rate was 76 beats/min and
regular. The blood pressure was 130/80 mm Hg. Results of
other physical and laboratory studies including a chest X-
ray examination were normal. The electrocardiogram at rest
showed normal sinus rhythm with a normal QRS complex
and a PR interval of 0.22 second. T waves and ST segments
were within the normal range. Immediately after exercise
(a single Master exercise test), the heart rate increased from
69 to 92 beats/min, but the QRS complex showed a normal
conduction pattern. One minute after exercise, the heart rate
decreased to 75 beats/min and pre-excitation appeared. Three
minutes after exercise, the heart rate decreased further to
68 beats/min and pre-excitation appeared intermittently.
Five minutes after exercise, pre-excitation disappeared com-
pletely (Fig. SA and B).
Electrophysiologic studies. Control (before isoprotere-
nol). Sinus cycle length was 970 ms; the AH and HV in-
tervals were 115 and 50 ms, respectively, and the QRS
duration was 0.10 second. The AH Wenckebach phenom-
enon appeared at an atrial pacing rate of 140/min. Pre-
excitation did not appear at any rate of atrial pacing or after
atrial extrastimulus pacing. At the driven cycle length of
600 ms, the effective and functional refractory periods of
the AV node were 450 and 570 rns, respectively.
After isoproterenol. Sinus cycle length was 920 ms and
pre-excitation appeared. The H deflections were merged
with the pre-excited ventricular deflections. Pre-excitation
appeared in a 3:2 manner in response to an atrial pacing
rate of 120 Imino At an atrial pacing rate of more than
140/min, pre-excitation completely subsided and QRS du-
ration was normal (Fig. 4). At the driven cycle length of
600 ms, the anterograde effective refractory period of the
bypass tract was 520 ms. The effective and functional re-
fractory periods of the AV node were 320 and 430 ms,
respectively.
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Figure 4. Case 2. Effect of atrial pacing rate on the
appearance of pre-excitation during administration of
isoproterenol. During sinus rhythm (top panel), pre-
excitation appeared in a I: 1 manner. At an atrial pacing
rate of 120/min (middle panel), pre-excitation ap-
peared in a 3:2 manner in response to the atrial activity.
At an atrial pacing rate of 140/min (bottom panel),
pre-excitation did not appear in all beats. S or arrows
indicate atrial stimulation artifacts. Abbreviations as in
Figure 2.
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Electrocardiogram after atropine or methoxamine.
After intravenous administration of either of these drugs,
pre-excitation did not appear.
Exercise test after oral administration ofverapamil. The
electrocardiogram showed a normal QRS duration, a sinus
rate of 77/min and a PR interval of 0.22 second. No pre-
excitation was recorded up to 6 minute after exercise (Fig.
5C).
Discussion
Usually, exercise produces partial or total normalization
of the QRS complexes in most patients with Wolff-Parkin-
son-White syndrome and no change in a few patients (l ,2).
Previous investigators (3,4), however, described rare cases
in which pre-excitation appeared after exercise or stress,
without having appeared before exercise. Recently, Weis-
fogel et al. (4) confirmed a catecholamine-sensitive bypass
tract in a patient in whom pre-excitation appeared during
exercise testing or intravenous infusion of isoproterenol. In
the present report, we also confirmed the catecholamine-
sensitive bypass tract in two patients with exercise-induced
Wolff-Parkinson-White syndrome. We noted that conduc-
tion over a catecholamine-sensitive bypass tract in our pa-
tients was activated only by isoproterenol or exercise, but
not by methoxamine. These findings indicate that a cate-
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Figure 5. Case 2. Lead II electrocardiogram before exercise (top
panel), after exercise (middle four panels) and after exercise after
3 days of oral administration of verapami1 (bottom panel).
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cholamine-sensitive bypass tract has beta-adrenergic recep-
tors ~ ithout alpha-adrenergic receptors. Furthermore , con-
duct ion over the catecholamine-sensitive bypass tract in our
cases did not appear after intravenous administration of atro-
pine , I mg.
These results suggest that the manifestation of pre-ex-
citation during exercise is not caused by the change of bal-
ance between the sympathetic tone and the parasympathetic
tone dur ing exercise stress, but rather to the direct activation
of beta-adrenergic receptors in a catecholamine-sensitive
bypass tract by catecholamine released from sympathetic
nerve endings .
It has been widely accepted that verapamil, a calcium
channel blocking agent, has no effect on conduction over
the bypass tract in patients with the Wolff-Parkinson-White
syndrome (6- 8), which is maintained through the fast so-
dium channel. Our cases, however , show that verapamil
blocks such conduction in exerci se-induced Wolff-Parkin-
son-White syndrome. To our knowledge, these effects of
verapamil have not been reported previously. These phe-
nomena indicate that the slow calcium channel plays some
role in the mechanism responsible for conduction over a
catecholamine-sensitive bypass tract.
Previous investigators (12) reported that pre-excitation
appeared during exercise mainly in elderly patients. Our
patient 2 was a relat ively older man. Furthermore , both of
our palients showed the characteristics of intermittent Wolff-
Parkinson-White syndrome, and in Case 2 pre-excitation
appeared in a rate-dependent manner during the adminis-
tration of isoproterenol and after exerc ise. In light of the
knowledge that conduction propertie s of bypass tracts de-
generate naturally causing intermittent or complete block ,
these observations suggest that the bypass tracts in our cases
had degenerative changes (13,14). Experimental studies have
shown that isoproterenol can restore the resting membrane
potent ial to more normal values in cardiac cells with low
membrane potentials due to mechanical trauma (15), or
activa te a slow inward current in markedly depolarized car-
diac cells (16). These actions can facilitate the conduction
veloci ty or manifest conduction on the depressed cardiac
tissue in the human heart (17, 18). In both of our cases during
the admini stration of isoproterenol or after exercise, con-
duction over a catecholamine-sensitive bypass tract was
abolished by intravenous or oral administration of verapa-
mil. These observations strongly suggest that a slow inward
calcium current plays an important role in the mechani sms
respon sible for such conduction.
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